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(57) Abstract 

A video and telephony signal distribution networt having a head end inchiding an optical transmitter for tranunitting optical 
downstream video and telephony signals on at least one optical fiber in a fint frequency bandwidth and a receiver for receiving optical 
upstream data signals. The network further includes at least one optical/ekctrical converter unit which includes a receiver for receiving 
the optical downstream video and telephony signals and converts the optical downstream video and telephony signals into a plurality of 
downstream electrical output signals. A coaxial distribution system provides for transmission of one of the downstream electrical output 
signals from the optical/electrical convener unit to a service unit comtected to at least one remote unit The leivice unit includes a transmitter 
for transmitting upstrtam electrical data signals generated at the remote units via a coaxial distribution system to an optical/electrical converter 
*init connected thereto within a second freq..ency bandwidth. The second frequency bandwidth is reused for transmission by each service 
jnit connected to each remote uiut. The optical/electrical converter unit receives the upstream electrical data signals from a plurality of the 
service units and converts the upstream electrical data signals for transmittal u an optical upstream data signal to the head erxl. 
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HYBRID HBER/OOAX VIDEO AND TELEPHONY 
OOMMUNICAHON SYSTEM 

5 

Field of the Invention 
The present invention relates generally to the field of 
communication systems. More particularly, the present invention relates to a 
bidirectional communications network employing an architecture utilizing both 
10 optical fiber and coaxial cable media 

Background of the Tnvf^fj^^n 
Two information services found in households and businesses 
today include television or video services and teleprfione services. Another 
infonmation service involves digital data transfer vAnch is most frequaitly 
15 acconplished using a modem connected to a telephone service. All further 
references to telephony herein shall include both telefrfione services and digital 
data transfer services. 

Characteristics of telephony and video signals arc different and 
therefore telejrfiony and video networks are designed differently as well. For 
20 example, telqjhony information is relatively narrow band when con5>ared to 
video signals. In addition, telephcMiy signals arc low fixquency vviiereas 
NTSC standard video signals are transmitted at carrier frequencies greater 
than 50 MHz. Accordingly, telqAone transmission netwcxks arc rclatively 
narrow band systems whidi operate at audio frequencies and which typically 
25 serve the aistomer by twisted wire drops frcMn a oirb-side junction On 
the other hand, cable television services are broad band and incorporate 
various frequency carria- mixing methods to achieve signals COTqwtible with 
conventicml very hi^ frequency televisim receivers. Cable televisicm 
systems or video services are typically provided by cable tdevision conpanies 
30 throu^ a shielded cable service a^mecdon to each individual home or 
business. 

One attend to combine telq^ony arxl video services into a 
single network is described in U.S. Patent hfo. 4,977,593 to Balance entitled 
"Optical CommunicaticHis Network." Balance describes a passive optical 
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communications network with an optical source located in a central station. 
The optical source transmits time division multiplexed optical signals along an 
optical fiber and which signals are later split by a series of splitters between 
several individual fibers serv^icing outstations. The network allows digital 
5 speech data to be transmitted from the outstations to the central station via the 
same optical path. In addition. Balance indicates that additional waveloigths 
could be utilized to add services, such as cable television, via digital multiplex 
to the n^work. 

A 1988 NCTA technical p^, entitled "Fiber Backbone: A 

10 ProfXDsal For an Evolutionary Cable TV Network Architecture," by James A, 
Giiddix and Dtavid M Pangrac, describes a hybrid optical fiber/coaxial cable 
television (CATV) system architecture. The architecture builds upon existing 
coaxial CATV networks. The architecture includes the use of a direct optical 
fiber path from a head end to a number of feed points in an already existing 

1 5 CATV distribution systan. 

U.S. Patent No. 5,153,763 to Pidgeon, entitled "CATV 
Distribution Networks Using Ligjn Wave Transmission Lines," describes a 
CATV network for distribution of broad band, multichannel CATV signals 
from a head end to a plurality of subscribers. Electrical to q>tical transmitters 

20 at the head end and qTtical to electrical receivers at a fiber node launch and 
receive q^tical signals correspcxiding to broad band CATV electrical signals. 
Distribution frcHn the fiber node is obtained by transmitting electrical signals 
along coaxial cable transmissicHi lines. The system reduces distorticxi of the 
transmitted broad band CATV signals by block conversion of all or part of the 

25 broad band of CATV signals to a frequmcy range which is less than an 
octave. Related U.S. Patent No. 5,262,883 to Pidgeon, entitled "CATV 
DistributicMi Networks Using Ugjit Wave Transmission Lines," further 
describes the distcxtim reducing system 

Although die above-mentioned networks describe various 

30 concepts for transmitting broad band video signals over various architectures, 
including hytaid optical fiber/coax architectures, none of these references 
describes a cost e£fective, high quality, protectable bi-direcdmal 



wo 96/10303 



PCT/US95/11840 



3 

telecommunications network enable of narrow band telephony 
communications as well as broad band video communications which enploy 
existing telq)hone and cable television distribution networks. Therefor^ a 
need for such a bi-directional telephony and video communications network, 
5 and features for enhancing such a network, curraitly exists. 

Summary of the Inventinn 
The present invention is a hybrid fiber/coax video and 
telephony communication network which integrates bi-directi<Mial telep^iony 
and interactive video services into one network including optical fiber aixi 
10 coaxial cable distribution systems. The present invention utilizes optical fiber 
as the transmission medium for feeding a plurality of optical distribution 
nodes with video and telephony information fiom a head end. Coaxial cable 
distribution systems are utilized for connection of the distribution nodes to a 
plurality of remote units. The head end optically transmits the video 
15 information downstream to the nodes where it is converted to electrical 
signals for distribution to the remote units. Telej^ony information is also 
optically transmitted to the nodes in frequeixry bandwidths unused by the 
video information. The downstream telephony and video qptical signals are 
converted to electrical telq)hony and video signals for distribution to the 
20 plurality of renwtc units. The network fstyvides for transmission of iqjstream 
electrical data signals, for example telephony signals, to the head end by 
transmitting from the remote units iq»tream electrical data signals to the 
distribution nodes wiiere such upstream electrical data signals are convened to 
iqTstream optical signals for transmissicm to the head erxL 
25 In one embodiment, the head end includes a first distributira 

terminal having at least cme epical transmitter for transmitting optical 
downstream telephony signals on at least one optical fiber. In addition, the 
head end includes a second distribution terminal having a sq>arate optical 
transmitter for transmitting an q^ical downstream video signal on an qptical 
30 fiber line. 

In another embodiment, the video and telef^KHiy signal 
distribudcm network transmits optical downstream video arxl telephony signals 



4 

on at least one optical fiber in a first ftequency bandwidth. In this 
embodiment, a second ftequency bandwidth is raised for transmission of 
upstream electrical data signals generated at the remote units. The second 
frequency bandwidth is reused for transmission by each remote unit. 
5 In another embodiment of tte inventicm, a filter is utilized at 

SCTvice units which interface the coaxial distribution systems to user 
equipment. The ingress filter allows for passage of downstream video signals 
to video equipment units and blocks downstream telephcmy signals transmitted 
in a different ftequency bandwidth. 
10 Brief Description of the Hrawinpf 

Figure 1 shows a block diagram of a hybrid fiber/coax network 
in accordance with the present invention. 

Figure 2 is a block diagram of a head end host distribution 
terminal of the netwwk of Figure 1. 

15 Figure 3 is a block diagram of an optical distributicMi node of 

the network of Figure I. 

Figure 4 is a block diagram of a home coaxial line unit of the 
netwcxk of Figure 1. 

Figure 5 is a blodc diagram of an alternative embodiment few 
20 transmissi<Mi fix)m the head end to the optical distribution nocks in accordance 
with the present inventioa 

Figure 6 is a block diagram of an inqxilse shaping tedmique 
utilized in acccwdance with the jnesent inventioa 

Figure 7 is a block diagram of an alternative embodiment of the 
25 optical to electrical cmverter of the head end host distribution tenninal of 
Figure 2. 

Figure 8 is a block diagram of an alternative embodiment of the 
head end host distribution tenninal of Figure 2. 

Detailed Description of the PrefemBd Embodiment 
30 With reference to Fig. 1, a general description of a hybrid 

fiber/coax communications network 6 in accordance with the present invention 
shall be described. Telephcxiy and video infonnatiOT fiom existing telejAone 
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and video services goierally shown by trunk line 8 is received by and 
processed by head aid 10. Head end 10 includes a plurality of host 
distribution terminals (HDT) 12 for telephony data interface and video host 
distribution terminal (VHDT) 14 for video data interface. Host distribution 
5 terminals 12 and VHDT 14 include transmittal and receivers for 

communicating the video and telephony information between the video and 
telephony signal distribution network 6 in accordance with the present 
invention and the existing telq)hony and video services as rqjresented 
generally by trunk line 8. 

10 The video infomiation is optically transmitted downstream via 

optical fiba line 17 to splitter 18 which splits the optical video signals for 
transmissicMi on a plurality of optical fibers 22 to a plurality of epical 
distribution nodes 26. The HDT 12 transmits optical telephony signals via 
optical fiba link 20 to the oj^cal distributiai nodes 26. The optical 

15 distribution nodes 26 convert the optical video signals and telq^iony signals 
for transmission as electrical outputs via a coaxial distributicxi system 7 to a 
plurality of rennote units 42. The electrical downstream video and telephony 
signals are distributed via a plurality of coaxial lines 29 and coaxial taps 34 of 
the coaxial distribution system 7. 

20 The remote units 42 irx;lude means for transmitting upstream 

electrical data signals including telq)hcxiy information fiom tel^hones 76 and 
data terminals 73 and in additicm may include means foe transmitting set top 
box infcxmation fimn set tap boxes 78. The i9)stream electrical data signals 
are provided by a plurality of renfX)te units 42 to an optical distribution node 

25 26 oxinected thereto. The optica] distribution node 26 converts the upstream 
electrical data signals to an iq)stream optical data signal for transmission via 
optical fiba link 20 to the head end 10. 

The present invention shall now be described in fiirtha detail 
with reference to Figs. 1-8. The first part of the description shall primarily 

30 deal with downstream transmissim and the second part of the description 
shall pnmaiily be with regard to i]q}stream transmissioa The video and 
telq)hony distribution networic 6 in accordance with the present invention. 
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includes head end 10 which receives video and telephony infonnation fiDm 
video and telq)hony service providers via tnink line 8. Head end 10 includes 
a plurality of host distribution terminals 12 and a video host distribution 
terminal 14. The HDT 12 includes a transmitters and receiver for 
5 communicating \dcphony infmnation, such as Tl, ISDN, or other data 
services informatiM, to and from telephony service providers via trunk line 8 
and the VHDT 14 includes a transmitters and receivers for communicating 
video information, such as cable TV video information and interactive data of 
subscribers to and from video service providers via trunk line 8. 

10 The VHDT 14 transmits downstream optical signals to a splitter 

18 via video feedo- optical fiber line 17. The passive optical splitter 18 
effectively makes four copies of the downstream high bandwidth optical video 
signals. The duplicated downstream optical video signals are distributed to 
the connespondingly connected optical distribution nodes 26. One skilled in 

15 the art will readily recognize that althou^ four copies of the downstrram 
video signals are created, that any number of copies may be made by an 
appropriate splitter and that the present invention is not limited to any specific 
number. 

The splitter 18 is a passive means for splitting lHX)ad barxl 
20 optical signals without the need to ein^loy oqwisive broad band optical to 
electrical conversicm hardware. Optical signal splitters are commonly known 
to one skilled in the art and available from numerous fiber optic conponent 
manufacturers such as Gould, Inc. In the alternative, active splitters may also 
be utilized. In addition, a cascaded chain of passive or active flitters would 
25 further multiply the number of duplicated optical signals for application to an 
additional number of optical distribution rxxks and therefcxe iiKresee further 
the remote units serviceable by a single head end. Such alternatives are 
contenplated in acoxdarKe with the present invention as described by the 
accompanying claims. 
30 The VHDT 14 can be located in a central oflBce, cable TV head 

end, or a ronote site and broadcast up to about 112 NTSC channels. The 
VHDT 14 includes a ttansmission system like that of a LiteAN^'^ system 
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available from American Li^twave Systems, Inc., cunently a subsidiaiy of 
the assignee hereof. Video signals are transmitted optically by an5)litude 
modulation of a 1300 nanometer laser source at the same frequency at which 
the signals are received (i.e. the optical transmission is a terahertz optical 
5 carrier whidi is modulated with the RF video signals). The downstream video 
transmissicHi bandwidth is about 54-725 MHz. One advantage in using the 
same fiiequency for optical transmission of the video signal as the fiiequency 
of the video signals when received is to provide hi^ bandwidth transmission 
with reduced ccHiversion expense. This same-frequency transmission qjproach 
10 means that the modulation downstream requires optical to electrical 
conversion or proportional conversion with a jrfiotodiode and perh^ 
amplification, but no frequency conversioa In addition, there is no sanple 
data bandwidth reduction and little loss of resoludorL 

Alternative embodiments of the VHDT may enploy other 
15 modulaticHi and mixing schemes or techniques to shift the video signals in 
frequency, and other encoding methods to transmit the infcnmation in a coded 
format. Such tedmiques and sdiemes for transmitting analog video data, in 
addition to those transmitting digital video data, are known to one skilled in 
the art arxl are contenq)lated in accordarK^e with the spirit and scope of the 
20 present inventicHi as described in the acconq^anying claims. 

Telq^Kxiy infoimaticHi is transmitted downstream by HDT 12 
via optical fiber link 20 to a con:e^x)nding optical distribution node 26. A 
more detailed blodc diagram of one of the HDTs 12 is ^own in Fig. 2. Each 
HDT 12 includes an RF nxxtem bank 50 whidi receives telq^imy 
25 informatiai via trunk line 8. The RF nxxlem bank 50 irx:ludes four RF 
modem modules 52 and a protection modem module 54. Each RF modem 
module receives telephony information, for exanple time division multiplexed 
channel signals from a public switched telephone service, via trunk line 8 and 
the telephcxiy informaticKi modulates an analog carrier for transmissicvi of the 
30 downstream c^cal telq)h(xiy data by downstream optical telephoiQ^ 

transmitter 80 of downstream telephony electrical to optical converter 64 to a 
corresponding distribution node 26. Each RF modem nxxlule includes a 
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transceiver 53 and provides a downstream electrical telephony signal in one of 
four ftequency bandwidths, each bandwidth being about 6 MHz in width like 
that of a CATV channel. Each 6 MHz bandwidth channel transmits data at 
22 Mbits/sec and can provide for transmission of 8T1 digital telq)hone 
5 signals; Tl being a conventional telephone signal wiiere 24 voice channels ar^ 
sanpled at an 8 KHz rate, with 8 bits per sample (each 8 bit conversation 
sanple is termed a DSO). Each of these signals from the four RF modem 
modules 52 are transmitted via coax patch cables to a combiner 82 of 
downstream telephony electrical to optical converter 64 for transmission by 

10 optical transmitter 80. TherefcMe, the spectrum for the downstream optical 
telephony data is four sqwrated 6 MHz frequency bands containing 22 
Mbits/sec of data within eadi 6 MHz bandwidth. The four 6 MHZ frequency 
bands, separated by a guard band as is known to one skilled in the art, are 
transmitted in about the 725-800 MHz bandwidth. 

15 Any number of modulaticm techniques m^ be used for 

traiismission of the telq^hony infOTination downstreara The transmission 
downstream is point to multipoint transmission using broadcast type 
transmissicHi schemes. The modulation techniques utilized and performed by 
RF modem nxxiule 52 may include quadrature phase shift keying (QPSK), 

20 quadrature anplitude modulation (QAM), or other modulation tedmiques for 
providing the desired data rate. Modulation techniques, sudi as QPSK and 
QAM, are known to those skilled in the art and the jnesent inventim 
ccmtemplates the use of any such nxxhilation techniques for downstream 
broadcast transmissioa 

25 The electrical to c^cal converter 64 irx:ludes two transmitters 

80 fcK- downstream telq^KX^ transmission to protect the xclcphany data 
transmitted These transmitters are conventicHial and relatively ine>q3ensive 
narrow band laser transmitters. One transmitter is in standby if the other is 
frmctioning property. Upon detection of a fault in the operating trananitter, 

30 controller 60 switches transmission to the standby transmitter. In contrast, the 
trananitter of the VHDT 14 is relatively expensive as con9)ared to the 
transmitters of HDT 12 as it is a broad band analog DFB laser transmitter. 
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■nierefore, protection of the video information, non-essential services unlike 
telephony data, is left unprotected By splitting the telephony data 
transmission fix)m the video data transmission, proteaion for die telephony 
data alone can be achieved If the video data information and the telephony 
5 data were transmitted over one optical fiber line by an expensive broad band 
analog laser, economies may dictate that protection for telephony services may 
not be possible. Therefore, separation of such transmission is of importance. 

As an alternative embodiment for providing transmissioi of 
optical video and telephony signals to the optical distribution nodes 27 from 
head end 10 as shown in Fig. 5, the HDT 12 and VHDT 14 can utilize the 
same optical transmitter and the same optical fiber line 16. The signal then is 
split by splitter 18 and four split signals are provided to the qjtical 
distribution nodes 27 for distributicMi to the remote units 42 1^ the coaxial 
distribution system 7 as further discussed below. However, as described 
15 above, the optical transmitter utilized would be relatively expensive due to its 
broad band c^jabilities, lessening the probabilities of being able to aflFord 
]:HX>tectiQn for essential telephony services. 

As one skilled in the art will recognize, optical link 20, ss 
shown in Fig. 2, may include four fibers, two for transmission downstream 
fiiom electrical to optical converter 64 and two for transmission upstream to 
optical to electrical converter 66. WtAi the use of directional couplers, the 
number of such fibers may be cut in half. In addition, the number of 
protection transmitters and fibers utilized m^ vary as known to one skilled in 
the art and any listed number is not limiting to the present inventioi as 
25 described in the accompanying claims. 

RF modem bank 50 includes a protecdcm RF modem module 
54 with a transceiver 53 connected to canbiner 82 of electrical to optical 
converta64. Protecticm RF modem module 54 is fiother coiqjied to 
controller 60. When a &ult is detected with regard to the transmissiai of one 
of the RF modem modules 52, a signal is generated and i^jplied to an ii^ 
62 of controller 60. Controller 60 is alertied to the &ult and provides 
appropriate signalling to switch the pxitecticm RF modem module 54 for the 



20 



30 
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faulted RF modem such that the protection RF modem module 54 transmits 
within the 6 MHz bandwidth of the faulted RF nxxlem module 52 so that the 
four 6 MHz bandwidth signal transmission is continued on optical fiber link 
20. The use of one protection RF modem module 54 for four RF modem 
5 modules 52 is only one embodiment of the present invention and the numbo- 
of protection RF nKxlem modules relative to RF modem modules may vary as 
known to one skilled in the art and described in the acconpanying claims. As 
shown in Figure 8, RF modem bank 50 may include one protection module 54 
for each RF modem module 52. In this embodiment, the RF modem bank 50 

10 includes three RF modem modules 52 and three iMX)tection modules 54 for 
one-to-one protection. 

An optical distribution node 26 as shown in Figure 3 receives 
both the downstream optical telqjhony signal and the split downstream optical 
video signal. The downstream optical video signal is applied by the optical 

15 fiber 22 fixmi splitter 18 to a downstream video receiver 120 of optical 
distribution node 26. The qjtical distribution node 26 further includes 
downstream telejrfKwiy receiver 121 far receiving the downstream optical 
telq^hony signal on qjtical link 20. The qjtical video receiver 120 utilized is 
like that available in the LiteAMp™ product line available 6om American 

20 Lightwave Systans, Itk. The converted signal ftxMn video receiver 120, 
proportionally converted utilizing photodiodes, is ^lied to bridger anplifier 
127 along witfi the COTverted telq)hony signal fiom downstream lelq)hony 
receiver 121. The bridging anq^lifier 127 simultaneously ^lies four 
downstream electrical tdqdxmy and video signals to diplex fitters 134. The 

25 diplex filters 134 allow for full diplex cperation by sq>arating the transmit 
arxl receive functions when signals of two dififerent fiequency bandwidths are 
utilized foe qpstream and downstream transmission. There is no frequency 
conversion perfomied at the optical distribution nodes with resp&X to the 
video or downstream telq)hony signals as the signals are passed through the 

30 optical distribution nodes to the remote uruts via the coaxial distributicxi 
system in the same frequency bandwidth as they are received. 
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After the optical distribution node 26 has received downstream 
optical video signals via optical link 22 and downstream optical telephony 
signals via optical link 20 and sudi signals are converted to downstream 
electrical video and telefAony signals, the four outputs of the optical 
5 distribution nodes 26 are ^lied to four coaxial cables 29 of coaxial cable 
distribution system 7 foe transmission of the downstream electrical video and 
telephony signals to the remote units 42; such transmission occurs in about 
the 725-800 MHz bandwidth for telephony signals and about the 54-725 MHz 
bandwidth for the downstream electrical video signals. Each optical 
10 distribution node 26 provides for the transmission over a plurality of coaxial 
cables 29 and any number of outputs is contenplated in accordance with the 
present invention as described in the accon:q>anying claims. 

As shown in Fig. 1, each coaxial cable 29 can provide a 
significant number of remote units widi downstream electrical video and 

IS telephony signals throu^ a plurality of coaxial t^ 34. Coaxial taps are 
commonly known to one skilled in the art and act as passive bidirectional 
pick-offe of electrical signals. Each coaxial cable 29 may have a number of 
coaxial taps comectad in series. In addition, the coaxial cable distribution 
system may use any number of anplifiers to extend the distance data can be 

20 sent over the coaxial portions of the network 6. 

The downstream electrical video and telq)hony signals are 
provided fiom the coaxial taps to the remote units 42 in a number of dififerent 
ways. In one embodiment, the signal from the coaxial t^ 34 is provided to a 
home integrated service unit 70 as shown in Fig. 4. The home integrated 

25 service unit 70 of Fig. 4 includes a power tap 99 coi^led to a conventional 
power si^ly and ring generator 101. The downstream electrical video and 
telephmy signals are provided to a t^ 97 for plication of the signals to 
both diplex filter 1 10 and ingress filter 98. The downstream video signal is 
ITOvided from ingress filter 98 to video equiixnert 72 via set top box 78. The 

30 downstream telq>hony signal is applied fimn diplex filter 1 10 to RF 

demodulator 104 of RF nuxiem nxxlule 102 and the demodulated signal is 
^lied to an s^jplicable service inter&oe for processing and connection to 
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user equipment For example, the RF demodulated signal is processed via 
Plain Old TelejAone Service (POTS) service interfece 1 12 for output on 
twisted pairs 1 18 to telq>hcme 76 by POTS connection 1 14. The other service 
interfaces such as ISDN interface or a Tl interface perfOTn their COTventional 
5 functions as are known to those skilled in the art for transmittal of such 
information on outputs thereof to user equipment. 

Ingress filter 98 provides the remote unit 42 with protection 
against interference of signals ^lied to the video equipment 72 as opposed 
to those provided to other user equipment sudi as telqjhones or conputer 
10 terminals. Filter 98 passes the video signals; however, it blocks those 
frequencies not utilized by the video equipment By blocking those 
frequencies not used by the video equipment, stray signals are eliminated that 
may intafere with the other services jrovided by the network to at least the 
same remote unit. 

15 The set top box 78 is an oirtional elonent in the netwwk 6. It 

may include an additicxial modon for sending interactive data therefrom back 
to head end 10 at fiiequencies unused by the video and telq)hony 
transmissims. l^sstream transmission of such data is further discussed below. 

Depending on the modulation processing techniques utilized at 

20 the head end 10, the RF demodulate 104 would include circuitry capable of 
demodulating the modulated signal. For exan^jlc, if QPSK modulaticm is 
utilized then the denxxlulator would irKlude processing circuitry capable of 
denKxfailating a QPSK modulated wavefonn as is krK)wn to one skilled in the 
art 

25 In another embodiment of providing downstream electrical 

video and tdcjphony signals ficHn the coaxial t^ 34 to remote units 42, as 
shown in Fig. 1, a separate coaxial iirie form coaxial t^ 34 is utilized to 
provide transmission of the signals therefrxm to set tq) box 78, and thus fcH* 
providing the downstream vicfeo signals to video equifmient unit 72. In such 

30 a case, a second coaxial line fix>m coaxial t^ 34 would be utilized to provide 
the downstream telephony signals to a multiple integrated service unit (MISU) 
44 which would be much like the hcmie integrated service unit 70 as described 
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with regard to Fig. 4 except lacking an ingress filter 98 and tap 97. Unlike 
home integrated service unit 70, the MISU 44 would be utilized to service 
several remote units 42 with telephony SCTvices via various service interfeces. 
Whether the video and telq>hony signals are provided to the curb with use of 
5 the MISU 44 ac whether the video and teleiAony signals ar^ povided diiwtly 
to a home integrated service unit is strictly one of application and either can 
be utilized with regard to the same or diflFerent coaxial t^ 34 and within the 
same or difFoent coaxial distribution systems 7. 

In addition, an optional networic interface device (NID) 75 is 
utilized in the connection of telephone services to the remote units 42, 
wiiether they are homes or businesses, as is known to those skilled in the art 
and as shown in Fig. L The NID is generally shown by block 70 
representing the home integrated service unit but is not shown in the detail of 
Fig. 4. The NID performs sovice fiinctiais for the telephone service provider 
15 such as looping back signals to the service provider that reach the NID so as 
to indicate whether a failure has occurred somewiiere in transmissiai to the 
NID or in connecticMis from the NID to tte user equipment when a failure is 
repented to the service provider. 

The above description primarily involves the downstream 
20 transmission of video and telqAoiy informatiOT from head end 10 to remote 
units 42, The upstream transmissicHi of interactive data from set top boxes 78 
and other data, for exanple telq)bony frran telephones 76, shall now be 
described with reference to Figs. 1-8. The descriptiai shall be limited to 
transmission from remote units via hcnne integrated service units as 
25 transmission frcnn an MISU is substantially similar and easily ascertainable 
from such desoiptiOT. Home integrated service unit 74 povides set top box 
information from set top box 78 and telcphoiy infomation frcwn tte service 
interfaces 1 12, including information from telcjrfxnie 76, to the optical 
distribution mode 26 connected thereto by the same coaxial path ^ fv the 
30 downstream communicatioa The set top box signals are transmitted by a 
separate RF moctem of the video service provider at a relatively low 
frequency in die bandwidth of about 5 to 40 MHz v^iiich is unused by 
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telqAony and video sovices. The telephony signals are also transmitted 
i5)stream in the 5-40 MHz bandwidth, usually fiom 10 MHz to 30 MHz. This 
5-40 MHz bandwidth is reused in each coaxial path 29 bom each renwte unit 
42 to the respectively connected optical distributicm node 26. As such, 
5 q^stream electrical telq^hony data signals from the remote units are 

transmitted at the same reused frequency bandwidth of 5-40 MHz on eadi 
coaxial line 29 for input to the optical distribution node 26. Therefore, as 
shown in Fig. 3, four upstream electrical telejrticMiy signals, each in the 5-40 
MHz bandwidth, are iiput to optical distribution node 26, via the respectively 

10 connected coaxial cables 29. 

The iqDstream transmission from an integrated service unit for 
multipoint to point transmission utilizes time multiplexing tedmiques, 
although any of a number of multiple access techniques known to those 
skilled in the art are ccmtenq^lated in accordance with the present invention. 

15 All the remote imits are designated a time slot for transniission. Insudia 
case each remote unit must transmit at a particular time to maintain multiple 
access with the timing being supplied using data on the downstream paths. 
The q>stream data is transmitted on a bit-by-bit basis. \^th each remote unit 
assigned a time slot, the RF nxxlem 102 of the unit knows that it will not 

20 interfere with the others because it has determined the time delay for each one 
of them and each RF modem 102 is signalled to transmit at a pecise time. 
EXje to the high volumes of multiplexed serial data from several outlining 
remote stations and limited bandwidth for transmission, short pulse durations 
are required for better resolution of the data transmitted to the head end 10. 

25 Althougfi the data modulates a carrier and is transmitted in the 5 to 40 MHz 
bandwidth by RF modulator 108, because of the limited baiKhvidth in the 
upstream direction, a pulse shaping network at e^ remote unit is used to 
generate raised cosine pulses for the rectangular or square wave bit-by-bit 
stream of data transmitted along the coaxial cable in the coaxial network. 

30 An q>timal pulse sh^ for transmission in a barKl limited 

coaxial cable netwock is determined by the use of Fourier calculations with a 
given set of boundary conditions. Also, the Fourier calculations in^lonent a 



wo 96/10303 



PCT/US95/n840 



15 

spectral limitation constraint for the purposes of limiting the spectral content 
of the optimal pulse shape. Limiting the spectral content of the pulse shape 
serves two functions. The first function is to limit the spectral characteristics 
of the optimal pulse shape in order to pwent phase dispersion at the 
5 receiving end ofthe transmission system. The second benefit fix)m the 
spectral limitatiai constraint is to allow the use of relatively single finite 
impulse response filters with a minimal number of t^. 

In one embodiment of the pulse shying netwak as shown in 
Fig. 6, 50 nanosecond pulses fix)m the RF modulator 108 of RF modem 102 
10 are transmitted to a pulse sequencer 301 for uniform digitization. The output 
fix)m the pulse sequencer is then applied to a ten t^^jed finite inpulse 
response filter (FIR filter) 302 with associated electronics 303 to jxovide the 
addition and subtracticMi necessary for the filtering process. The output is sent 
to a line driver circuit for output to the coaxial cable through diplex filter 1 10. 
1 5 The optimal pulse waveform is a raised cosine waveform. Using such pulse 
shaping techniques, overcomes the difficulty of sending extremely short pulse 
duration information along a band limited coaxial cable. 

The ifistream electrical telephc^ signals from a plurality of 
remote units, including signals from the RF modems 102 and from modems in 
20 set top boxes 78, are transmitted to the respectively connected Gpdcal 

distribution node 26 as shown in Fig. 3 via the individual coaxial cables 29. 
The upstream electrical signals are zqsplied to a diplex filter 134 respectively 
connected to a coaxial cable 29. One of the diplex filters 134 passes the 
i9)stream electrical telq)hony signal ^lied thereto through to combiner 125 
25 while the other diplex filters pass the upstream electrical telej^ony signals 
applied thereto to fiiequency shifters 128, 130, and 132. Frequency shifter 128 
shifts the qntream electrical tele{4iony signal into the 50-85 MHz baixhvidth, 
frequency shifter 130 shifts arK)ther i^)stream electrical telephony signal into 
the 100-135 MHz bandwidth and frequency shifter 132 shifts the other 
30 upstream electrical telephony signal into the 150-185 MHz bandwidth. The 
shifted signals are combined by combiner 125 and provided to upstream 
telefdiony and set top control transmitters 123. The conventional optical 
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transmitters 123 transmit the upstream electrical telephony signal as an 
upstream optical telephony signal to head end 10 via fiber optic link 20. 
Once again, two transmitters are available for transmission, one in standby 
mode, like that in the downstream transmission path. 
5 The iqjstream optical telqjhony signals are received by 

upstream telqjhony and set top box receiva 84 of optical to electrical 
converter block 66. The upstream optical telephorty signals are converted, 
split, and all the split electrical signals in the 5-40 MHz, 50-85 MHz, 100-135 
MHz, and 150-185 MHz are frequency shifted back to the 5-40 MHz 
bandwidth by frequency shifters 86, 88, and 90 with the exception of the 
signal already in the 5-40 MHz bandwidth which is passed through with the 
other fiiequency shifted signals from the frequency shiftos to RF switch 94. 
A combined signal in the 5-40 MHz bandwidth from combiner 92 is provided 
to the VHDT and the signal is i»xx«ssed for obtaining the interactive 
15 information transmitted from set top boxes 78. The RF switch 94 is 

controlled by controller 60 and provides die upstream telephony signals to the 
transceivers 53 of the corresponding RF modems 52. Hie upstream telephony 
signals are then demodulated by RF modem modules 52 and the telephony 
data is provided to the service providers via trunk line 8. The RF modem 
20 modules 52 include RF demodulates- coneqxmding to the modulation 

techniques utilized to transmit the information ^stream so such information 
can be recovered 

As discussed previously, the coitrolla 60 switches protection 
RF modem module 54 for a transmitting RF modem module 52 in die 
25 downstream communication when a ^t is detected in that module. Hie 
controller also {vovides signaling for switdiing the RF switch 94 such that the 
informant vMdh would have been provided to the faulted RF modem 
nxxhile 52 is ^lied to the transceiva of the jsotectitm RF modem module 
54. Therefore, the proteaion modem module 54 is then fully within the 
30 transmit and receive loop of the system. 

As shown in Fig. 7, an alternative embodiment of the present 
invention includes an qrtical to electrical ccnverter 66 v^^ierein the received 
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opticaJ upstream telephony signal is converted by receiver 84 and the entire 
upstream electrical signal in the 5-200 MHz bandwidths is applied to the 
transceivers 53 of the RF modem modules 52. Hie RF modem modules 52 
are then operated under control of controller 60 which assigns the RF modem 
5 module a earner frequency to tune to for the recoveiy of telephony 

information; the assigned frequency being a fimction of the fiequency shifting 
of the upstream signal. The electrical signal is still separated and fiequency 
shifted by fiequency shifters 86, 88 and 90 except for the signal already in the 
5^ MHz bandwidth and then combined by combiner 92 for application to 
10 VHDT 14. 

In this embodiment, the switching of the protection modem 
nxxlule 54 into the system is accomplished throu^ the controller 60. When 
the controller 60 detects and indicates a faulted modem module 52, the 
controller 60 assigns the fiwjuency previously assigned to the faulted RF 
1 5 modem module to the protectirai nxxlule, thus establishing the protection RF 
modan module 54 fiilly within the transmit and receive loc^. 

In anodier embodimoit dK)wn in Fig, 8 including one-to^jne 
protection few the RF modem module, neither the RF switch used for 
protection switdiing for die configuration of Fig. 2 nw the additional caitrol 
20 required for protection switching for the configuration of Fig. 7 is necessary. 
In this embodiment, die same electrical signal provided to the RF modem 
modules 52 is ^lied to the cwre^xxxiing protectiwi module 54, thus only a 
control si^ indicating wiiich module is to be used fa- transmission or 
recq)tion is required for die one-t(K»ie protection. 
25 It is to be untfcrstood, however, that evai thou^ numerx)us 

characterisdcs of the present invention have been set forth in the foregoing 
description, together widi details of the structure and fimctiai of the 
invention, the disclosure is illustrative and changes in matters of sh29)e, size, 
number, and anrangement of the elements may be made widiin the prirxnples 
30 of the invention and to the full extent indicated by the broad general meaning 
of the tenns in >Miich the qqxnding claims are ejqpressed. 
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\MQt Is Oaiiiied Is: 

1. A video and telq)hony signal distribution network, the network 
conpising: 

5 a head end for transmitting video and telqrfwny information to a 

plurality of remote units, said remote units having means for receiving said 
video and telephony information, said head end including: 

a first distribution temiinal including means for transmitting an 
optical downstream telephony signal on at least one optical fiber and 
10 means for receiving an optical upstream data signal, and 

a second distribution terminal including means, separate from 
said first distribution terminal transmitting means, for transmitting an 
optical downstream video signal on an optical fibCT line; 
at least one optical/electrical cmverter unit, said optical/electrical 
15 converter unit including means for receiving said optical downstream video 
signal and means for receiving said optical downstream telephony signal, each 
of said qi^tical/electrical converter units for converting said epical 
downstream video signal and said epical downstream telephony signal into at 
least one downstream electrical output signal; and 
20 at least one coaxial distribution system, said coaxial distrib^cHi system 

for transmission said at least one downstream electrical output signal from 
said at least one optical/electrical converter unit to at least one of said 
plurality of remote units, each remote unit having means for transmitting 
upstream electrical data signals generated at said remote units via said at least 
25 one coaxial distribution system to an optical/electrical convenor unit 

conneaed thereto, said at least one qxical/electrical ccmverter unit including 
means for converting said if)stream electrical data signals to an optical 
upstream data signal far transmittal of said optical iqsstream data signal to 
said head end. 

30 

2. The network according to claim 1, wherein said first 
distribution terminal transmitting means includes at least two qjtical 
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transniiacrs for transmitting said optical downstream telephony signals on an 
optical fiber for each optical transmitter, only one optical transmitter 
transmitting during any one period of time, and wherein said second 
distribution terminal transmitting means includes a single optical transmitter 
S for transmitting said optical downstream video signal on said optical fiber 
line. 

3. The network according to claim 1, wherein said (^tical 
downstream video signal includes analog information, said information applied 

10 to said second distribution terminal at a frequency which is the same as the 
frequency at which it is transmitted. 

4. The network according to claim 1, 

wherein said first distribution temiinal transmitting means includes 
15 means for transmitting said optical downstream telq)hony signal in a first 
fi'equency bandwidth to said qHical/electrical converter unit; 

wherein said second distribution terminal transmitting means optically 
pipelines said video infomiation to said q)tical/electrical converter unit in a 
second frequency bandwidth; 
20 wherein said means for transmitting iqistream electrical data signals 

transmit said upstream electrical data signals over said coaxial distribution 
syston to said q)tical/electrical converter unit connected thereto in a third 
frequency bandwidth reused by eadi remote unit, said iqistream electrical data 
signals transmitted over at least two coaxial distribution cables of said coaxial 
distribution system from separate remote units; and 

wherein said qjtical/electrical conveiter unit includes means for 
fiequoicy shifting said upstream electrical data signals transmitted in the third 
frequency bandwidth reused by the remote units and means for combining the 
frequency shifted iq^stream electrical data signals for transmittal to said head 
end as said optical upstream data signal in a fourth frequency barxiwidth 
which includes at least said third frequency bandwidth. 
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5. The network according to claim 1, wh«wi said at least one 
optical/electrical converter unit includes means for fiequency shifting said 
upstream electrical data signals transmitted at a reused frequency bandwidth 
by a plurality of remote units and received by said optical/electrical converter 
5 unit and means for combining the fiequency shifted upstream electrical data 
signals fOT transmittal to said head end as said optical upstream data signal in 
a predetermined fiiequency bandwidth which includes said reused frequency 
bandwidth- 



10 6. The networic according to claim 5, wtierein said head end 

fiuther includes means for converting said optical n>stream data signal, means 
for splitting and fiiequency downshifting said converted iq>stream data signal 
into downshifted upstream electrical data signals in said reused fi«juency 
bandwidth- 

15 

7. The netwOTk according to claim 6, wherein said first 
distribution terminal includes a plurality of modem modules for transmitting 
and receiving said telqAony infOTmation, each modem module foe providing 
said telephcmy information to said first distributicm terminal transmitting 

20 means for transmittal to said q:rtical/electrical converter unit in a separate 
fiiequency bandwidth; arxl switch means for providing the fiequency 
downshifted i4)stream electrical data signals fixxn said splitting and fi^uency 
downshifting means to a axre^xHiding modem module of said plurality of 
modem modules. 

25 

8. The network acoHding to claim 6, wherein said first 
distributicHi temiinal includes a plurality of modem modules for receiving and 
transmitting said telqihony information, each modem module for providing 
said telq)hony infcvmation to said first distribudm terminal transmitting 

30 means for transmittal to said optical/electrical converter unit in a sq>arate 
fiiequency bandwidth, said head end including controller means for assigning 
each nxxkm module a receiving fiequency corresponding to the separate 
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frequency bandwidth \^iiich said modem mcxiule uses for providing said 
telq)hony infomiation to said distribution temfiinal transmitting means. 

9. The network according to claim 1, wiierein the first distribution 
5 terminal means includes: 

at least one mocfem modules fcH* transmitting and receiving said 
telephony information, each of said at least one modem module providing for 
transmissicxi in a separate frequency bandwidth; 

at least one protection module; 
10 controller nteans for controlling substitution of said at least one 

protection modem module for one of said at least one modem module when a 
fault in one of said at least one modem module is detected 

10. A video and telejAony signal distribution networic, the network 
15 conqjrising: 

a head end including means foe transmitting optical downstream video 
and telei^ony signals on at least CHie epical fiber in a first frequency 
bandwidth and means for receiving an optics^ up^txeam data signal; 

at least me optical/electrical converter unit, said optical/electrical 

20 converter unit including means for receiving said cpdcal downstream video 
and telephony signals and means for converting said optical downstream video 
and telq)hony signals into a plurality of downstream electrical output signals; 

a coaxial distribution system having a plurality of coaxial cable 
portions, each coaxial cable portion for transmission of one of said 

25 downstream electrical output signals from said at least or)e optical/electrical 
converter unit to at least one service unit OHinected to at least one remote 
unit, said sexvice unit including means foe transmitting iq^stream electrical 
data signals generated at said remote units via said coaxial cable pc»tion of 
said coaxial distribution system to an optical/electrical converter unit 

30 cOTnected thereto in a secOTd frequency bandwidth, said seccml frequency 
bandwidth reused for transmission by each service unit, said at least one 
optical/electrical converter unit including means for receiving said iqjstream 
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electrical data signals from a plurality of service units and means for 
converting said iq^stream electrical data signals for transmittal as said optical 
upstream data signal to said head end 



5 1 1. The network according to claim 10, whwein said means far 

converting said upstream electrical data signals for transmittal as said optical 
iq>stream data signal includes: 

means for frequency shifting said upstream electrical data signals 
transmitted in said reused sectxid frequency bandwidth by a plurality of 
10 service units; and 

means for combining the frequoicy shifted iqjstream' electrical data signals for 
transmittal to said head end as said optical iqDStream Hat^ signal in a 
predetermined frequency bandwidth vAnch includes said reused secmd 
frequency bandwidth* 

15 

12. The networic accoiding to claim 1 1, wherein said head end 
includes: 

means for converting said qitical upstream data signal; 

means for splitting said converted upstream data signal; 
20 means for frnjuency downshifting said split iq^stream data signal into 

downshifted upstream data signals in said reused second frequency 
bandwidths; 

a plurality of nKxiem modules for transmitting said telephony 
information, eadi modem module providing for downstream transmission of 
25 said xclephoay information in a sqsarate frequency baiKhvidth within said first 
frequency baixhvidth; and 

switdi means for {Hoviding the frequency downshifted iq)5tream data 
signals frcnn said downshifting means to a oxresponding modem module of 
said plurality of nrxxiem nxxhiles. 

30 

13. The netw(^ acceding to claim 1 1, wherein said head end 
includes a plurality of modem modules for receiving and transmitting said 
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telqjhony information, each modem module providing for downstream 
transmission of said telephony infoimation in a separate frequency bandwidth 
within said first frequency bandwidth, said head end including controller 
means for assigning each modem module a receiving frequency as a function 
5 of the separate frequency bandwidth in which said modem module provides 
for downstream transmission of said telejAony information. 



14. The network according to claim 10, \\iierein said head end 
includes: 

10 at least one modem module for transmitting and receiving said 

telephony information, each of said at least one modem module providing for 
transmission of said telqjhony infcmnation in a separate frequency bandwidth; 
at least one protection module; and 

controller means for controlling substitution of said at least one 
15 protection modem module fcM- one of said at least otic modem module when a 
fault in one of said at least one modem module is d^ected. 



15. A netwOTk according to claim 10, wherein said service unit is a 
multiple user service unit for providing tclqDhOTy infonmaticMi to a certain 
20 plurality of said remote units. 



16. A network according to claim 15, wiierein said video 
information is transmitted via a sepaidtt coaxial line to any of said certain 
plurality of said remc^ units. 

25 

17. A video and telephcmy signal distributiOT network, the netwxk 
conpising: 

a head aid including means for transmitting an opdcai ctownstream 
video signal in a first frequency bandwkMi and an opdcai downstream 
30 telephcmy signal in a second frequency bandwidA on at least one optical fiber, 
said head end further including means for receiving q^tical iq)stream data 
signals; 
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at least one optical/electrical converter unit, said optical/electrical 
converter unit including means for receiving said optical downstream video 
and telqjhony signals and means for converting said optical downstream video 
and telephony signals into a plurality of downstream electrical output signals; 
5 a plurality of coaxial distributiOT systems, each coaxial distribution 

system for transmission of one downstream electrical output signal fiom said 
at least one optical/electrical converter unit to a service unit connected to at 
least one remote unit, said service unit including means for transmitting 
ipstream electrical data signals generated at said remote units via one of said 

10 plurality of said coaxial distribution systems to an (^ical/electrical converter 
unit connected thereto, said at least one optical/electrical converter unit 
including means for receiving said upstream electrical data signals &om a 
plurality of service units and means for converting said njstream electrical 
data signals to an optical upstream data signal for transmission to said head 

15 end; 

wiierein each of said serv^ice units include a filter for passing 
downstream video signals of said downstream electrical output signal in said 
second frequency bandwidth and blocking downstream telephony signals of 
said downstream electrical output signal in said first frequency bandwidth. 

18, The network accwding to claim 17, wherein said remote unit 
includes at least ch^ video equipment unit for receiving said downstream 
video signals fixTm said fitter. 

19. The network according to claim 18, wiierein said remote unit 
incluctes a set top box connected to said video equipment unit, said set top 
box including a nKxlem for transmissicxi of set tc^ box data iqsstream to said 
optical/electrical converter unit in a frequency bandwidth unused for 
trananission of said upstream electrical data signals and said downstream 
video and telq>hony signals. 
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